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Abstract 

Properties of proton resonances in 18 Ne have been investigated efficiently by utilizing a technique 
of proton resonant elastic scattering with a 17 F radioactive ion (RI) beam and a thick proton 
target. A 4.22 MeV/nucleon 17 F RI beam was produced via a projectile- fragmentation reaction, 
and subsequently separated by a Radioactive Ion Beam Line in Lanzhou (RIBLL). Energy spectra 
of the recoiled protons were measured by two sets of AE-E silicon telescope at center-of-mass 
scattering angles of # c . m .«175°±5 , # c . m .«152°±8 , respectively. Several proton resonances in 18 Ne 
were observed, and their resonant parameters have been determined by an .R-matrix analysis of the 
differential cross sections in combination with the previous results. The resonant parameters are 
related to the reaction-rate calculation of the stellar 14 0(a,p) 17 F reaction, which was thought to be 
the breakout reaction from the hot CNO cycles into the rp-process in x-ray bursters. Here, J 7r =(3 - , 
2 _ ) are tentatively assigned to the 6.15-MeV state which was thought the key 1~ state previously. 
In addition, a doublet structure at 7.05 MeV are tentatively identified, and its contribution to 
the resonant reaction rate of 14 0(a,p) F could be enhanced by at least factors of about 4~6 in 
comparison with the previous estimation involving only a singlet. The present calculated resonant 
rates are much larger than those previous values, and it may imply that this breakout reaction 
could play a crucial role under x-ray bursters conditions. 

PACS numbers: 25.40.Ny, 21.10.Hw, 26.20.Fj, 26.30. Ca, 27.20.+n 
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I. INTRODUCTION 



Explosive hydrogen and helium burning are thought to be the main sources for energy gen- 
eration and nucleosynthesis of heavier elements in cataclysmic binary systems In such 
a close binary system, hydrogen and helium rich material from a companion star pile up onto 
the surface of a neutron star, and form an accretion disk where thermal runaway reactions 
can be ignited through both the triple-a reaction and breakout from the hot carbon-nitrogen- 
oxygen (CNO) cycles into the rapid proton capture process (rp-process). Energy generation 
increases rapidly as a function of temperature, and hence the rate of energy release can 



ear 
4h 



increase faster than the rate of cooling, ultimately leading to uncontrollable thermonuc 
explosions in the accreting disk, the so called x-ray bursts (e.g., Type I x-ray bursts 
The ap chain is initiated through the reaction sequence 14 0(a,p) 17 F(p,7) 18 Ne(a;,p) 21 Na 
and increases the rate of energy generation by 2 orders of magnitude [3J. In x-ray burster 
scenarios, the nucleus 14 (ti/2=71 s) forms an important waiting point, and the ignition 
of the 14 0(a,p) 17 F reaction at temperatures ~0.4 GK produces a rapid increase in power 
and can lead to breakout from the hot CNO cycles into the rp-process with the production 
of medium mass proton-rich nuclei 6j-[8|]. As a crucial breakout reaction, its reaction rate 
determines the conditions under which the bursts are initiated and triggered, and thus plays 
an important role in the field of nuclear astrophysics. 

Wiescher et al. [9] calculated the reaction rates of 14 0(a,p) 17 F in detail, and showed that 
the resonant reaction rates dominated the total rates above temperature ~0.4 GK. Later on, 



Funck et al. 
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111 ] found that direct-reaction contribution to the l=\ partial wave was com- 



parable to or even greater than the resonant one at certain temperatures. Since resonant re- 
action rates of 14 0(a,p) 17 F depend sensitively on the resonant energies, spin-parities, partial 
and total widths of the relevant excited states in the compound nucleus 18 Ne, Hahn et al. 12 ] 
extensively studied the levels in 18 Ne by three reactions, 16 0( 3 He,n) 18 Ne, 12 C( 12 C, 6 He) 18 Ne 
and 20 Ne(p,t) 18 Ne. It was found that this reaction rate, at temperature above ~0.5 GK, 
was dominated by capture on a single 1~ resonance at an excitation energy of 6.150 MeV 



lying 1.035 MeV above the 14 0+a threshold (Q a =5.115 MeV |l3|). Harss et al. Q stud- 
ied the time reverse reaction 17 F(p,a) 14 by using a 17 F beam at ANL, and determined the 
resonance strengths for three levels at 7.16, 7.37, 7.60 MeV. Later, Gomez del Campo et 
al. 15j used a p( 17 F,p) resonant elastic scattering on a thick CH 2 target to look for reso- 
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nances of astrophysical interest in 18 Ne at ORNL, and assigned the £7^=6.15, 6.35 MeV states 
as J 7r =l", and 2~, respectively. Subsequently, a new set of resonant parameters [£pJ s , T, 
etc.] for several resonances in 18 Ne were deduced from another experiment at ANL 16|, and 
the spin-parities were reassigned based on the Coulomb-shift calculation as well as Fortune 
and Sherr's comments [17]. The resonance strength and T a width for the 6.15-MeV state 
was extracted based on a 1~ assignment as well as the previously obtained excitation func- 
tion [14|. In addition, the inelastic component of this key 1~ resonance in the 14 0(a 1 pJ 17 F 



18 



19|. It 



reaction was also studied by a new highly sensitive technique at ISOLDE/CERN 
was found that this inelastic component would enhance the reaction rate, contributing ap- 
proximating equally to the ground-state component of the reaction rate, however not to the 
relative degree suggested in Ref. j^oj]. 

Although our understanding in the reaction rates of 14 0(a,p) 17 F has been greatly im- 
proved so far, there are still some discrepancies. Recently, the 1~ assignment for the 6.15- 
MeV state was questioned 21] by a careful reanalysis of the previous experimental data 15]. 
It has been found that most probably the 6.286-MeV state is the key 1~ state whereas the 
6.15-MeV state is a 3~ or 2~ state, and hence the resonance at .E E =6.286 MeV probably 



dominates the reaction rates in the temperature below ~2 GK [2l|. However, low statistics 
of experimental data 15j around ^=6.286 MeV prevent us from putting the new assign- 
ments on a very firm ground. In addition, a thick target measurement was performed in 
a direct study of the 14 0(a,p) 17 F reaction 22|-|24j, where a new peak near E" m ~1.5 MeV 
was observed and was thought to be an inelastic branch of 14 0(a,p) 17 F reaction proceeding 
through a resonance at E x ~7.1 MeV in 18 Ne which decays to the first excited state in 17 F 
(E X =0A95 MeV) by proton emission. According to the estimation, this inelastic branch 
would increase the astrophysical^ 4 0(a,p) 17 F rate by ~50% at temperatures beyond 2 GK. 
New ORNL experimental result [25| however, has ruled out this inelastic-branch interpreta- 
tion. 

In the present work, we have investigated the proton resonant properties of the compound 
nucleus 18 Ne, covering an excitation energy (E x ) region of 4.7~8.0 MeV, by using a reso- 
nant elastic scattering of a 17 F beam with a thick (CH 2 ) n target. This sort of thick-target 



method 
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30] enables simultaneous measurements of excitation function within a very 



wide energy range. The proton resonant parameters have been determined by an i?-matrix 
analysis of the differential cross sections of 17 F+p. The astrophysical implication of 14 0(a, 
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FIG. 1: Schematic view of the RIBLL. All relevant parameters are indicated in the figure. 
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FIG. 2: Experimental setup for the scattering measurement at T2. See text for details. 
p) 17 F reaction is briefly discussed based on the present work. 



II. EXPERIMENT 



The experiment was carried out by using the Heavy Ion Research Facility in Lanzhou 



HIRFL 
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32J. A primary beam of 20 Ne 10+ was accelerated up to 69.5 MeV/nucleon by a 
Separate Sector Cyclotron (SSC, K = 450) with an intensity of ~300 enA, and bombarded 
a 4094-/zm 9 Be primary target. A secondary beam of 17 F 9+ , which was produced via a 
projectile-fragmentation reaction mechanism, was then separated, purified, and transported 



by a Radioactive Ion Beam Line in Lanzhou (RIBLL) 33] to the secondary target chamber. 

The schematic view of RIBLL is shown in Fig. [TJ At the momentum- dispersive focal 
plane (CI), a 313-/iin flat-shaped Al degrader was installed to separate the 17 F 9+ particles 
from other reaction products. In order to meet physics requirement, the particle energies 
were subsequently reduced by two degraders (a 323-/zm Si and a 294- /zm Al) and one plastic 
scintillator (a 34-/zm CgH 10 foil, hereafter referred to as T0F1) at the intermediate focal point 
(Tl). Two horizontal slits were used to purity the beam and to restrict the momentum 
spreads of the 17 F 9+ particles, here, the momentum spread Ap/p was limited to ±0.34% at 
CI and to ±0.92% at C2, respectively. 

At the achromatic focal plane (T2), a scattering setup was installed inside a vacuum 



chamber as shown in Fig. [2j The setup consisted of two parallel-plate avalanche counters 
(PPACs) 34], one plastic scintillator (a 10-/im C9H10 foil, hereafter referred to as T0F2), 
one 10.5-mg/cm 2 (CH 2 ) n target and two sets of AE-E silicon telescope detection system. 
During the beam tuning, a 280-/zm Si detector was inserted just before PPAC2 to measure 
the total energies of the particles (see the dashed box in Fig. H]). All beam particles can 
be identified clearly by using the time-of-flight (TOF) measured by the T0F1 and T0F2 
scintillators, together with the total energy deposited in the Si detector in an event-by-event 
mode. Figure [3] shows an identification plot for the beam particles, and it can be seen 
that the 17 F 9+ particles can be identified completely by using the TOF information only. 
Although this Si detector was moved out during the experimental runs, the 17 F 9+ particles 
can be identified uniquely by using the TOF information as shown in Fig. HJ The position 
and incident angle of the beam particles on the target have been determined by extrapolating 



the two-dimensional 



1 mm (FWHM) |34j. 



hit positions measured by two PPACs whose position resolution is about 



At (CH2) n target position, the average intensity of 17 F 9+ beam was about lxlO 3 parti- 
cles/s with a ~50% purity. The 17 F 9+ beam-spot widths (FWHM) were 17 mm horizontally 
and 16 mm vertically. The horizontal and vertical angular spread (FWHM) of the beam 
were 30 mrad and 9 mrad, respectively. The mean energy of 17 F 9+ was 4.22 MeV/nucleon 
with a 0.25 MeV/nucleon width (FWHM). In addition, the experimental data with a C 
target (10.7 mg/cm 2 ) was also acquired in a separate run to evaluate the contributions from 
the reactions of 17 F with C nuclei contained in the (CH2) n target. 

All beam particles were fully stopped in the thick (CH2) n target. The light particles re- 
coiled from the target were measured by using two sets of AE-E Micron silicon telescope [35j 
at scattering angles, 9i a b~0°, 14°, respectively (see Fig. [2]). At #z a &~0°, the telescope was con- 
sisted of a 63-/im-thick Wl-type double-sided-strip (16x16 strips) detector and a 1500-/xm- 
thick MSX25-type pad detector; at 0j a f,~14°, the telescope was consisted of a 300-/^m-thick 
MSQ25-type detector and a 1000-/im-thick MSPX042-type double-sided-strip (16x16 strips) 
detector. Each silicon detector has a sensitive area of 50x50 mm 2 and subtends an angular 
range of A^ a b~9°. Two telescopes covered laboratory solid angles (Af^ a &) about 25 msr 
and 22 msr, respectively. In the center-of-mass (cm.) frame, the scattering angles covered 
by two telescopes are 6 , c . m .~175°±5° and 9 c , m .^152°±8°, respectively. The recoiled protons 
were clearly identified by the energies deposited both in AE and E detectors as shown in 
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4IHJ 4=11 Mill 3SU (lUU OSU /IHJ 



7Y?F(arbitary unit) 

FIG. 3: Identification plot for the beam particles. Where, -Btotai indicates the total beam energy 
deposited in the 280-fj.m Si detector at T2 (just before PPAC2), and TOF indicates the time-of-flight 
measured by T0F1 & T0F2 detectors at Tl and T2. See text for details. 



a 6000 
o 
U 

4000 





17 p 9+ 










"o" 

! 














t r 












\ 



400 4J0 500 550 600 650 
TOF (arb. unit) 



FIG. 4: Identification plot for the beam particles in a typical TOF spectrum. 



Fig. [51 where the energy calibration for detectors was performed by using a standard triple 
a source. 
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FIG. 5: Identification plot for the recoiled particles in two AE-E telescopes. The polygonal boxes 
for the proton gates are shown and utilized in the analysis. 

III. RESULTS 

Differential cross section for the 17 F+p elastic scattering in the cm. frame has been 
calculated by the following relationship (e.g., see 271. |29|) 



da 



dVt r 



' (E c .m. j 6 'cm. 



x 



4cos0 Jo6 I b N H Att 



lab 



(1) 



where N p is the number of detected protons, i.e., at energy interval of E cm , — >■ E c , m ,+AE c , m /, 
lb is the total number of 17 F 9+ beam particles bombarding on the (CH 2 )n target; Nh is the 
number of H atoms per unit area per energy bin (AE cm ) in the target [36|]. Here, center- 



of-mass energy, E c _ m _, for the 17 F+p elastic scattering has been calculated by (e.g., see [29() 

A b + A t 



E„ 



-E, 



v 



(2) 



4A b COS 2 6l ab 

where A b and A t are the mass numbers of the beam and target nuclei; the proton energy 
at the reaction point, E p , has been calculated through the total energy deposited in the 
detectors by correcting the proton energy loss in the target. Thus, energy of the excited 
state in 18 Ne can be calculated by E x =E r +S p , thereinto the proton separation energy of 18 Ne 



is S'p=3.924 MeV [13j . and the resonant energy E r has been determined by the i?-matrix 
analysis discussed below. The uncertainty of the deduced excitation energy is estimated to 
be about ±30 keV. 

Figure E^a)&(b) show the deduced cm. differential cross sections for the l7 F+p elastic 
scattering at angles of 6 ) c . m .~175°±5° and c . m .«152 o ±8°, respectively. The uncertainties 
shown in the figures are mainly the statistical ones. Note the data shown in Fig. [6](b) were 
eliminated at energy region below 2.4 MeV because of the electronics noise. 
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FIG. 6: The cm. differential cross sections for elastically scattered protons produced by bombard- 
ing a thick (CH2) n target with 71.7 MeV 17 F particles at scattering angles of (a) # c . m .~175 ±5° 
and (b) # c . m .~152°±8°. The curved lines represent the i?-matrix fits to the data, see text for 
details. 

In order to determine the resonant parameters of the observed resonances, the multichan- 
nel i?-matrix calculations 37H39| (see example 2l|, |40[) that include the energies, widths, 
spins, angular momenta, and interference sign for each candidate resonance have been per- 
formed in the present work. A channel radius of ro=1.25 fm [R=tqX (1+17 1 / 3 )] appropriate 



for the l7 F+p system 



15] has been utilized in the present i?-matrix calculation, where 



the fitting results are insensitive to the choice of radius within the present statistics. The 
ground state spin-parity configurations of 17 F and proton are 5/2 + and l/2 + , respectively. 
Thus, there are two channel spins in the elastic channel, i.e. s = 2, 3. Actually there are 
only minor differences between the i?-matrix calculations with two different channel spins. 

Five resonances, i.e., at E x —5.11, 6.15, 7.09, 7.34 and 7.71 MeV, have been analyzed and 
the fitting curves are shown in Fig. [6]^a) (at 9 c m =175°). The resonant parameters (E x , J n [£], 
T p ) used in the i?-matrix calculations are listed in Table HI Here, the parameters are fixed 
for the first three states in all fits, i.e., 5.11 MeV (J n =2 + , £=0, r p =45 keV) 



12 



15 



MeV (J n =2-, £=3, r p =40 keV) [2lj, and 7.09 MeV (J w =4+, £=2, T p =80 keV) [12|,ll6j. In 



18|L 6.15 



9 



TABLE I: i?-matrix parameters (E x , J n [£], T p ) used in Fig. [BJ The 
three states in all fits, i.e., 5.11 MeV (J 7r =2+, £=0, T p =45 keV) 
4=3, r p =40 keV) [2l|, and 7.09 MeV (J^=4+, £=2, r p =80 keV) 



parameters are fixed for the first 



lajialig], 6-15 MeV (J w =2-, 



12j, [l6|. The uncertainties in E x 



and T p are estimated to be about ±30 keV. 



Label 


£^=7.34 MeV(r p =50 keV) 


E x =7.7l MeV(r p =80 keV) 


fitl 


2+[£ = 2] 


2~ [£ = 3] 


fit2 


1~[£ = 3] 


same as fitl 


fit3 


same as fitl 


l-[£ = 3] 


fit4 


same as fitl 


2+ [1 = 0] 


fit5 


same as fitl 


3' [I = 3] 



'fit2' calculation, the fit of a J n =l (^=3) assignment to the 7.34-MeV state was not good, 
and this may possibly exclude the 1~ assignment Q and support the 2 + assignment 



for the nominal 7.35-MeV state [12]. As for the 7.71-MeV state, J*=2~ ('fitl' &'fit2'), l - 
('fit3'), 2 + ('fit4'), and 3~ ('fit5') assignments have been attempted, and all fits are reasonable 
except the 2 + assignment ('fit4'). The i?-matrix fitting results at scattering angle # c . m .~152° 
are consistent with those at 6 , cm .^175°. 

Figure [3(a) &(b) show detailed i?-matrix fits to the 6.15- and 7.05-MeV states, respec- 
tively. For the 6.15-MeV state, it shows that J 7r =(3 _ , 2~) assignments can reproduced the 
experimental data reasonably with a transferred angular momentum £=3 but not with an 
£=1 [21], and additionally the 1~ assignment (either £=3 or 1) seems unlikely [see Fig. [7(a)]. 
For the 7.05-MeV state, it was strongly populated by the 16 0( 3 He,n) 18 Ne reaction but no by 



the 21 Ne(p,t) 18 Ne reaction [12,141]. Nero et al. [41| observed a 7.06-MeV state (r=180±50 
keV) exhibiting J 7r =(l~, 2 + ) characters in the measured angular distribution, and thought 
2 + was a more admissible assignment based on a reaction-mechanism analysis. Hahn et 
al. [12I also observed a broad state at 7.07 MeV (r=200±40 keV), and achieved a smaller 
fitting x 2 /N value for a doublet at 7.05&7.12 MeV. In the present work, the peak around 
7.07 MeV exhibits more like a doublet as seen in Fig. [TJb) where i?-matrix fitting results 
for the doublets are better than that for a singlet. 
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FIG. 7: i?-matrix fit results for the peak at (a) 6.15 MeV, and (b) around 7.09 MeV, respectively. 
See text for details. 

IV. DISCUSSION 

Resonant properties of the excited states in 18 Ne are discussed in the following part. 

A. 6.15-MeV state 



Previously, it was thought the key 1 resonance in calculating the stellar reaction rate of 



Mr 



0(a,p) 17 F(e.#., see [12 



16 



3CH ] . etc.), a recent study [21[ however, indicated that it was, 



most probably, a 3 or 2 state by reanalyzing the previous data [15(. This work gives 
same spin-parity assignments (i.e., 3~ or 2~) with a transferred angular momentum £=3, 



but it was an £=1 used in Ref. 



21]. Although a definitive conclusion for its spin-parity 



assignment can't be given here because of the low statistics both in the present and in the 



previous ORNL data 
As suggested in Ref. 



21] , this kind of study will shed light on the further experiments. 



21], additional high-precision ( 3 He,n) or (p,t) as well as high-statistics 



(p,p) elastic-scattering experiments are still strongly required to confirm the spin-parity for 
this state and the 6.286-MeV state. 
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B. 7.05-MeV state 



The present experimental data support the peak around 7.05 MeV as a doublet, which 



is consistent with the previous results 



12 



41] . Now it can be concluded that one of the 



doublet, say, the latter 7.09-MeV state is of a 4 + character based on the present and Harss 
et al.'s data [16|], what's the spin-parity for another state (lower one) then? Two possible 
assignments (l - or 2 + ) proposed by Nero et al. 4lJ were attempted in the present i?-matrix 
analysis. It's found that the fitting results of a doublet are better than a singlet. If taking 
the precise energies from Ref. [ijj], the doublet could possibly be a state at 7.05 MeV (1~ or 
2 + ) and another one at 7.12 MeV (4 + ). Furthermore, both 7.05- and 7.12-MeV states were 
observed in the previous thick-target (a, p) experiment [22M24 1 . 



C. 7.35-MeV state 

Previously, it was observed in the ( 3 He,n), ( 12 C, 6 He) reactions [12j and showed (1~, 2 + ) 
characters in the measured ( 3 He,n) angular distribution. Hahn et al. [12] suggested a Y 
for this state_based on a very simple mirror argument. Later, following Fortune and Sherr's 
arguments 



n 



171 ]. Harss et al. [16( speculated it as a 2 + state based on the Coulomb-shift 



discussion. Present data support the 2 + assignment rather than the 1 one 
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D. 7.71-MeV state 



It was observed in the ( 3 He,n), ( 12 C, 6 He) reactions but not the (p,t) reaction, and behaved 



an unnatural parity character in the angular distribution 12 L In addition, it was also not 
observed in the (p,a) reaction [16j. Therefore, Harss et al. [16| assigned it as a unnatural 
2~ state, and this assignment could reproduce their excitation function data although the 
structure was not evident in the measured energy region. The present i?-matrix calculation 
gives three possible assignments (3~, 2 _ , 1~), and hence the previous 2~ assignment is 
reasonable. Actually, this 7.71-MeV state was not observed in the (a, p) reaction 22j-|24j, 
and exhibited an unnatural character again. 
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E. other states 



Previously, the 7.60-MeV state was assigned as a natural 1~ state because of its strong 
population in the 17 F(p,Q!) 14 reaction 16j. In this work, a 'groove-like' structure was 
observed at E c . m ~3.6 MeV (i.e., E x ~7.5 MeV) as seen in Fig. El and it possibly indicates 
the existence of a 1~ (i=l) resonance which may show a 'groove' rather than a 'bump' 



structure in the 17 F+p excitation function 21J. But here it can't be fitted reliably due 
to low statistics. In addition, we also didn't observe a peak at E' c . m .~2.7 MeV, which 
was thought an inelastic branch of 14 0(a,p) 17 F reaction proceeding through a resonance at 



E x ~7.1 MeV in Ne which decays to the first excited state in F 



22 



present and the new ORNL experimental dat 



24|. Therefore, the 



2q rule out this inelastic-branch interpretation. 



V. ASTROPHYSICAL IMPLICATION 



For the stellar reaction of 14 0(a,p) 17 F, the resonant contribution to the tota 
rate can be calculated by using the isolated and narrow resonance formula 

an 



reaction 
29, 



30] 



1.54 x 10 



ii 



3/2 



Ei(u}y)i x exp 



11.605E! 



cm s 



(3) 



where the E l r are the center-of-mass energies and the (oo'j)i are the strengths of the resonances 
in MeV, the reduced mass /i in unit of amu. For this (a,p ) re action, because of T a <C T p m 



tot 



12 



16| . the resonance strength can be calculated by [30j 



W7 = w £^^ ( 2j + i)r c 

J- tot 



(4) 



where Jjs^ the spin of the resonance. The a-particle partial width can be expressed in a 
form of 



12 



30] 



T a oc C 2 S a x P e (E r ) 



(5) 



Here C 2 S a is the a-particle spectroscopic factor 12|, and the Coulomb penetrability factor 



Pi is calculated by a RCWFN code 



421 ] with same radius of r =1.25 fm. 



For the broad state at 7.05 MeV, a doublet has been considered in the present calcu- 



lation, i.e., a state at 7.05 MeV (1 or 2 + ) and another at 7.12 MeV (4 +> 
ison to a singlet (i.e., 7.05 MeV, 4 + ) used in the previous calculations 



12 



m compar- 



16|. With 
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TABLE II: Resonant parameters used in the resonant reaction-rate calculations for the stellar 
14 0(a,p) 17 F reaction. 

6.15 MeV 6.286 MeV 7.05 MeV 7.12 MeV 7.35 MeV 7.60 MeV 

J n uj-i (eV) J 1 " ojj (eV) J n uj'j (eV) J n ujj (eV) J 71 " w 7 (eV) J* ujj (eV) 



Hahn et al. [12] 1~ 6.6 3" 2.4 4+ 430 a 
Harss et al. [16] 1" 9.6 3" 2.4 4+ 360 



1- 4500 

2+ 200 \~ 3000 



Present & Ref. [21] 

Paral 3" 0.36 1" 40 

Para2 3" 0.36 1" 40 



1~ 5.2x430 6 4+ 1.5x430 a 2 H 
2+ 2.6x430 6 4+ 1.5x430 a 2 H 



200 
200 



3000 
3000 



a An a-particle spectroscopic factor C 2 S a =0.11 was adopted for the 4 + state [121 ] . 
6 An identical a-particle spectroscopic factor C 2 5' a =0.01 was assumed for the 1~, 2 + 

assignments [9]. 

4. Or 




1.5 2.0 

r 9 (GK) 



FIG. 8: Calculated ratios between the present resonant reaction rates and those previous ones at 
certain temperature range. The parameters used in the calculations are listed in Table HH See text 
for details. 

Equs. UK)! the resonance strength of the latter 7.12-MeV state (4 + , E r =2M MeV) is 
about a factor of R= p^~^ r ~^ '^j ~1.5 larger than the previous value using an energy of 
7.05 MeV (£y=1.94 MeV), but the corresponding resonant rate ratio still remains about 
unity above ~2 GK because of the exponential term [exp(-11.605-E r /T 9 )]. The former 
7.05-MeV state is possibly of J n =l~ or 2 + for which an identical C 2 S a factor 0.01 is as- 
sumed and a C 2 S a =0.11 for the 7.05-MeV state (4 + ) is adopted from the previous 
calculation 12]. In case of 1~, the strength ratio between the 1~ and 4 + assignments is 
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about -R= ^(4+] x c2ff"(4+j x p^=4(f r =i 94) — 5-2; in case of 2 + , the ratio between the 2 + and 4 + 
assignments is about -R= ^4+] x ^gfHfS x ^=4(^=194] — 2-6. Thus, the resonant contribution 
from the 7.05-MeV 'doublet' could be dominated by its lower-energy component and will be 
enhanced by a factor of about 3.6 or 6.2 (or even larger for a larger S factor, i.e., assuming 
C 2 S a >0.01) in total. 

Totally six resonances have been included in the present calculation, and the parameters 
are listed in Table HT1 Here, the parameters for the 6.15- and 6.286-MeV states are adopted 
from Ref. 2l|, and those for the 7.35-MeV and 7.60-MeV states are from Harss et al.'s 



work [161 ] . For the 7.05-MeV state, the parameter sets for the 1~, and 2 + assignments are 
referred to as 'Paral', and 'Para2', respectively. The total resonant reaction-rate ratios 
between the present and the previous ones are shown in Fig. [8] for resonances listed in 
Table [Til It shows that the present resonant rates are considerably larger than the previous 
ones (either Hahn et al.'s or Harss et al.'s) above ~1.5 GK while smaller than the previous 
values below ~1 GK. The reasons are mainly due the exchange of spin-parities for the 6.15- 
MeV and 6.286-MeV state as well as the doublet assumption for the 7.05-MeV broad state. 
The present results probably imply that a considerable enhancement of the resonant reaction 
rates of 14 0(a,p) 17 F could be expected at temperature above ~1.5 GK at which this reaction 
is thought to be of significant for triggering the rp-process in x-ray bursters |9(. Therefore, 
determination of spin-parities for the 6. 15-, 6.286-MeV states and property of the 7.05-MeV 
'doublet' becomes very important in calculating the resonant rates of this crucial reaction. 



VI. SUMMARY 

We have investigated the proton resonant properties in 18 Ne through an elastic scattering 
of 17 F+p by using a radioactive beam of 17 F bombarding a thick hydrogen target. The 
resonance parameters have been determined by the i?-matrix analysis of the cm. differential 
cross sections, and those for the 5.11, 7.35, and 7.71 MeV states are consistent with the 
previous results. Interestingly, a J 7r =(3 _ , 2 _ ) is tentatively assigned to the 6.15-MeV state 
which was thought the key 1~ state; as for the broad peak observed at 7.05 MeV, a better 
fitting x 2 /N value can be achieved by a doublet assignment. Assuming the 'doublet' contains 
a state at 7.05 MeV (1~ or 2 + ) and another at 7.12 MeV (4 + ), the resultant resonant 
rate of 14 0(a,p) 17 F (contributing from this doublet) will be enhanced by least a factor 
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of about 3.6 (2 + assumption for the 7.05-MeV state) or 6.2 (1~ assumption for the 7.05- 
MeV state), and it may imply that this doublet would contribute more to the total rate at 
relatively low temperature region in which the 6.15-MeV state was thought dominant before. 
In combination with the recent 3~, and 1~ assignments to the 6.15-MeV, and 6.286-MeV 
states, the present total resonant reaction rates deviate from those previous ones considerably 
mainly due the exchange of spin-parities for the 6.15-MeV and 6.286-MeV state as well as the 
doublet assumption for the 7.05-MeV broad state. Therefore, additional high-precision and 
high-statistics experiments are needed urgently to determine those key resonant parameters, 
and that will help us to deeply understand the role of breakout 14 0(o;,p) 17 F reaction occuring 
in the stellar x-ray bursters. 
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